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(57)Abstract: 

PURPOSE: To provide the subject new 
phenylanthracene derivative having a specified structure, 
exhibiting a low crystallinity, capable of forming a thin 
film having a stable amorphous state and useful for, e.g. 
a light-emitting layer of an organic EL device capable of 
stably emitting high-brightness blue light. 
CONSTITUTION: This is a new phenylanthracene 
derivative having a structure of the formula, A1 LA2 (A1 
and A2 are each monophenylanthryl or diphenylanthryl; L 
is a single bond or a divalent bonding group), represented 
by formula I (R1 and R2 are each an alkyl, a cyclo-alkyl, 
an aryl, an alkenyl, an alkoxy, an aryloxy, amino or a 
heterocyclic group; rl and r2 are each 0 or 1 to 5; L1 is 
single bond, an arylene, etc.) or formula II (R3 and R4 are 
each same as R1; r3 and r4 are each 0 or 1 to 5; L2 is 
same as L1) and useful for, e.g. a light-emitting layer for 
emitting blue light in an organic EL device. This 
compound is synthesized by coupling 2-chloro-9,1 0- 
diphenylanthracene, etc., in the presence of bis(1,5- 
cyclooctadiene)nickel, 2,2-bipyridyl, etc. 
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(c o d) 2 ) °- 37 8 (1- 3 5mmol) .2, 2' 
-ff U v^0. 2 0g (1. 2 8mmol) t v 1, 



5 - 

9 
9 



j€*##r : m/ e 6 5 8 (M + ) 
^fl-KHX*^ : 04 
NMRX^^ h/W : 05 
[0 0 9 8] <mt&M3> 
fr.&tto TTI-1 (P-A-Bfc 

v-v^ 77^3 (c7/v=f xTT^StM: Lfc-^^v- 

^A0. 2 6 7g (IOdidioI) (C. 4, 4' -^-3 — 
Y\?7^~A'2. 2 2g (5. 4 6 mmol) COT" h7t K 
077^ (THF) *g$E5 OmltrjSTL-^U ~^r — /Wfc 
Lfco ClORJSj&ttfcN i C 1 2 (dppe) 0. 4g 



IW-Swi t»T*#5c FflApmjEtt, 2-20V s 

[0 0 9 3] 

[0 0 9 4] <HJ£0U > 
-fk-A-^ I - l cD-ft-Bfc 

fc*^ (1. 5-V*n*-**i^>') (N i 

(cod) 2) 0. 37g (1. 3 5mmol) ,2, 2 ' 
-t'tl^yO. 20g (1. 28mmol) i: , 1, 5- 
•^D^i'v'iyO. 2 0mlSTs N. N-^'^Vl'* 
/WAT 5 K2 Oml(e:g*#H^'f-e^-a-b, £b\^2- 
fau-9, 10-^7i=/V7Vh7tyi. OOg 
(2. 7 4mmol) SrAO^. 6 Ott* 2 4 P^SHf Lfc„ 

Vtc, nbi%1i.<k&®>*T± hveWfcU grau'*>A> 
*5^1SMb s 0. 5 3g Wfte&Btt^tfc. 

fcjtefes^o. 5 g trjnttitu o. 2 3 g co#fe 

[0 0 9 5] 

C H 

4.8 0 5.2 0 

4.9 6 4.9 0 

*/9 vOrW v^VO. 2 Oml£r, N, N — SV^/V* 

K2 omitc^*#ia^,^-e?S'&b, $e>tci- 

?uu-9, 10-v , 7x=;V7yb7tyi. OOg 
(2. 7 4nw)l) .SriPJt, 6 0*C-e2 4B*ra«H i Ut. 
r©K^JK?rlN^*^{-SAL, h/vx^t^ 

TJ^AfSKL, 0. 2 Og OjtefeB*tftfc. 
[0 0 9 7] 
C H 
4.8 0 5.2 0 
4.6 0 4.9 7 

i2-^DD-9, 10— ^7i=;W7Vh7ty4. 
OOg (lOmmol) SrflPx, 6 O'C^A V%mWM Lfc 0 

fc„ jMtM4civ 7ti>y/^PD^^yia!)ff 

y##?.M*«U 2. o g 

0. 6g W*fi#^HefeB^Sr#fc. 
[0 0 9 9] 
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tUHtt/% 9 4 
ffl!l5£{fi/% 9 4 

KAftVi : m/ e 5 8 6 (M + ) 

(dso :it.&3 5 0Tc\ #7*is 

&i&£i 2 ox: 

4 ti-ylttfr-f/V^ : 5. 95eV 

[0 10 0] fc*S, ^fl-giHX*^ h/K NMR*-i* 

[0 10 1] <iafc«4> 
1 <£>-£• fife 

?A0. 2 6 7g (lOmmol) 4, 4' 3 — 

Kt^7i-/>2. 0 2g (4. 9 7mmol) WTHF^jS 

5 Oml&jgTU^y =^-;HtLfc. r.<0KJ6»ffiS:T 

W-JHtt/% 9 4 
«J£«t/% 9 4 

K*#*T : m/ e 6 5 8 (M + ) 

[0 10 2] <HJfe0!l5> 
w&m VII- 2 CD -^-ek 

Og (2. 6mmol) £TH F 5 Omlic^^ U wO*gf£ 
— T-^Wfc (6. Ommol) SriKT U 4 B$|H]jBS&Lfc. 

-7AT-^Lfc<, ^!^rcr)^%Sr^l 0 OmUcmM 

I, Wb7K**^^T^. 4B#^SI#U -mtx 

X (SnCl 2 ) CD&g^?i£<Sr}iSTU ^blUOOt 

Vt^f-^ (1:4) ^Wlttti'!;**?^ 
h/HVifJS^b, 0. 8g CD6£@&£ 

KMftffi : m/ e 5 3 5 (M+ 1 ) * 
sfofl-Slfc;*^ : 0 6 
NMRX'i^ FA- : El 7 
^S*^*aS& (DSC) : ^3 6 5=0, 

m&& \ 6 2"C 

[0103] **s % ytmftm\ztetfz>&r&ittmm®.h 

[0 10 4] <Hlii^J6 > 
VTT-1 CO-frfiE 
5 CT^Lft, 
SCfi#*r : m/ e 5 0 6 (M + ) 



C H 

.5 4 5.4 5 

.5 0 5.4 0 

yh7*/'i'l. 04g (5mmol) COTHF*g?£f>K:ji§ 
TLlB*IB*#Ut. S^ssA^^'/JAT-f 
KWTHFigifcSrJ&TU 6 CC-^BSISjaiEU 

**tt**T« 4 ^ram^Lfc r <D®m\z-m.itx * 
(s nc 1 2 ) (oitm®m*mm\.ttm&m*-5*.-? 

WteftLfc. 

C H 
.8 0 5.20 
.5 8 5.1 0 

NMR^^<^ HA' : 139 

iSSfcfefcSRAWJfe (DSC) :».&3 50 < C, #7*^ 

&mMi 3 ot; 
[0 10 5] **s, 5E*^«rJcj8tJSfHWKi«je«t> 

[0 10 6] <»£0iJ7> 
^.-A-fe) VII- 3 cO-g-fife 
HJ£#J 5 {C ip t Ufc. 
KS55-*f:m/e 619 (M+l) + 

h A : 0 1 0 
NMR^h/V: 011 
^M7fc*!&*8!l5t (DSC) : gt£4 1 1 "C 

[0 10 7] 7C*5>WcJbMt5H-^<ittS!)^ffit 
±<-gcbfc. 

[0 10 8] <|B»«8> 
-fk-A-it»i VII-4co-A-6fe 

mmm 5 Km cr-a-^ bfc 0 

Jf*##r:m/e 5 6 6 (M+l) f 
#*MKiR*-'<* hA* :012 
NMRX^i? : 013 
[0 10 9] 5c*^*Hw*J«+5fHftf 

[0 110] <IftM9> 
^.-A-fe; VTI-8CO-A-B6: 
HJfi^j5tc!pt-C-a-^Ufco 
RS#tff : m/ e 6 5 8 (M + ) 

NMRX^^ NA : 015 

(DSC) :g4-&3 4 5°C, 7J~7^te 



:l 8 8°C 

[0 111] 7cfS^W-J3«t5tfaSffii:ill^ffit 
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[0 112] <HJ£fi*Jl 0 > 
w.&m VII - 1 2<D&& 

5 IC* Ltc a 
H*7>W : m/ e 5 3 5 (M+ 1 ) + 
fcVi-m*^* hfr : 01 6 
NMR^^^ HA-: 017 

3j*£*3B»*WJ£ (DSC) :B^3 9 1U #7*S5 
^•SfiSl 6 6"C 
[0 113] ft:fc\ 5E*»«flc*JltSW-IMtti:jWiEtt<> 

[0 1 14] <HJfi^Jl 1 > 
i££M VTT-1 4(D-A-Bfe 

sdfify 5 \zm cx&& ufc„ 

fC*7>#r : m/ e 6 4 7 (M+ 1 ) + 

NMR^^ hA: 019 

(DSC) : H.&4 1 4tf#f 
[0 115] fc*§, -5c«^«ffcJ3»t5tH»fl[i:aSIK> 

[0 116] <JlJ60iJl 2> 
■fk-A-fe) VII— 1 5cD-£-5fc 

mscaj 5 icm c-c-a-^ufco 

H*##r:m/e 6 5 9 (M+l) + 
**MftlR:*'<* h/v : E12 0 
NMR^ hA : 02 1 

^«E*acS»*«3t (DSC) : Bl^ 3 2 3°C, #7**S 

^tas i6 5t; 

[0 117] ft*, 5E«^lC*W5fUMt 

[0 118] <HJ£0iJl 3> 
fr/fttti VII- 1 6(D-A-5fe 
^Jfe^J5^m^T^Lfc 0 
jCfi##r : m/ e 6 5 9 (M+ 1 ) + 
ftWWitiLX^? f*A : 0 2 2 
NMR^? h/V: 02 3 

7nS££flft*»iJ£ (DSC) :»jS2.9 5t, #7*i|fc 
?£ifig 14 1t 

[0 1 19] fc*5, 5c*^*f»-*Slt5«-*fl[i:«J£tft 
£<-f5cLfc 0 

[0 12 0] <HJ£0iJl 4> 
Jk-ft-fej VII- 2 4g>-S-Bfc 

ICi##r : m/ e 6 1 8 (M + ) 
#fl-«HX*^ hA : 0 2 4 
NMR*^ S/P : 1212 5 

*JS*acf»«jW3t (DSC) :<K£2 7 3°C, #7*$5 
Mf 10 5t 

[0121] ftfc\ Tc^w^fcttatmffita'j^ttt 

[0 12 2] <SSttMl 5 > 



J frfrifei VII- 2 5 (O-A-Efc 
HJK0IJ 5 CT-a-J* Ufc. 
SC*##r : m/ e 5 6 7 (M+l) + 
#fl-©lK*'<* hA : 0 2 6 
NMR^^^ hA : 02 7 
[0 12 3] ft}b\ TcSl^W^fcl-J-SfHlffiiiBOjtliSt 

[0 1 2 4] <5lt£0U 6 > 
-fk-A-fe VII- 2 6<D-g-gfe 
HJfctfiJ 5 fcl* cx-a-j* Ufc„ 

K*7>ff : m/ e 6 0 6 (M + ) 
i^fttx^^ hA : |U2 8 
NMR^^^ hA : 1212 9 

*«**IR««J£ (DSC) : H.^4 5 3t, IS^^U 
»iflit2 3 5 , C 
[0 12 5] ft*>\ 5c*»«rK:*5«-5tHIHIta3£«[t> 
j:<-&Ufc. 

[0 12 6] <*iS^Jl 7> 

«ft##r:m/e 88 3 (M+l) f 
^fl-»SHX*^ hA : 0 3 0 
NMR*^ 1213 1 

*M*£$*89?S (DSC) : Bt/£ 3 4 2. 6t, 

^Is^iaaci o3t 

[0 12 7] ftib\ 5clR^Wc*3(t?)H-®{i£i:SI^St> 
J:<-&Ufc. 

[0 12 8] <SIM1 8 > 
\Y&m VII- 2 7(D^i 

5 (Cfll fC-frj* Ufc„ 
SC*7>#f : m/ e 8 9 6 (M + ) 
faft-WM*'*? HA- : 0 3 2 
NMR^^ h/V: 13 3 

*3fcfe*!R*«J£ (DSC) :BjS3 6.1. 5T\ #7 
6 41C 

[0 12 9] ft*, 5c*#*ffc*i»* 3 

[0 13 0] <3gifS«l 9 > 
jjC&jt VTT-3 3»M 
HJS^J 5 Km CX&gL L-fc. 
jSefl-RjR*'** h/l' : 0 3 4 
NMR^^ h A : 03 5 

(DSC) :Ii4.2 3t, 

[0 13 1] ft*\ 7c*$Mfflw*Jtf5SMMti:*£4£*> 

[0 13 2] <HSS#J2 0> 
ft&jfa 1-1 7<P-a-J$ 
*JS0iJltC^CT-a-^Lfc o 
hA- : 03 6 
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NMR^^K/l-: HI3 7 

*SfcfeSE!R*WJ£ (DSC) : 1 7 7<C 

[0133] fcib\ 7bm&VT\z*}vz>ftnmkmmmi> 

J:<-ffcU7io 
[0134] ft 6 Mb 2 4 K^£ft3{t&©#J*ft-&4&lt> 
Hil^Jl-2 Otd^CT^Ufco 

[0 13 5] <3IJ£0iJ2 1 >ff$ 1 0 Onm© I TOli 

tUT> 1X10 ^Torr^ T*jgcJE Ufc„ 

[0 13 6] N, N* -V7x=/V-N, N' 

-m-h!);V-4, 4' -^7?;-l, 1' ^f7i 
(TPD-1) Sr^ifiilEO. 2 run/sect? 5 Onm(0 
m £ in** U jETL'&TJMSUi t Ufc« 

[0137] Hffit&J 1 ©ft-a-% I - 1 

^0. 2nm/secT'5 0 nm©I¥ £ KsS* U SgftJi i U 

[0 13 8] &<^-C, *E:|fcf8«:ffiiofc**, m^&A 

ffimJSt ur, by* (8-^/y/7h) t/ws^* 

A Sr^SiiS 0 . 2 nm/secT 1 0 nm©Jf: £ Ufc„ 
[0 13 9] $*>lc, WBEtttt&fiiofc**, MgAg 
(fiSJfclO: 1) £3g#i8&0. 2 nm/sec X2 0 Onm 

10 14 0] no#»EL*^KmESrEpaPUT«i«Sr 
jjfcUfci ;i-5>> 1 5V v 2 1 7mA/cm 2 -t?4 5 0 Ocd/m 2 
©#6 (Igftfefcr&ftlmax =4 8 5nm) <D^)t* s ?feS 

d^ofCo «£©¥«$«: 1 0mA/cm 2 ©;£«»KigfbT*l 0 
O^rraT-feofc 

[0141] <H1£092 2 1 0 Onm© I TOSI 

m@ (MS) «Ptt«S«, Tirh 

1»*»bgi#±rfTlt«U *»£«©£«* a^-KB 

tLT, 1 X 1 0-6Torr£Ti&£UfCo 

[0 14 2]^-!?, !!?!) (ft7iy-2, 5-v>< 
/V) Sri 0nm©ff$tCs£*U iETL&ASt Ufc. 

[0 14 3] N, N' -77i=/V-N, N' 

-m-MI/V-4, 4' - v'T 5 7 - 1 , 1" -lf7i 
=/W (TPD-1) 2 nm/sec T' 5 Onm© 

ff£lclK*U iETL^^IStUfco 

[0 14 4] ftl^T\ H^JlWft^I -I5r5 Onm 

[0 14 5] &^T% WE:R«£#ofc£4 > ' S^SA 
ftiSiUt, by* (8-*/y/7M 7*5=9 
■A $r^* 0 . 2 nm/sec t*l 0 nmCDff £ U fc. 

[0 14 6] £«blC, ^EE#fi&{fcofc££, MgAg 



(SfttblO : 1) £^tj$S0. 2 nm/sec "C 2 0 Onm 

[0147] ^W^E L*-W:«ESrPPJSP UTm»K$r 
SftUfctr^, 12V, 6 2 5mA/cn>2-?l 0 0 0 Ocd/m 
2 ©ffe (*36«*«*^»»x = 4 8 5nm) ©3gftriS5£ 
©SiV ^©^tte^^^H^^T 10 0 OBffkm 

<&/4>ofc 0 J$S©¥i8»jttl 0mA/cm2©JtSBttlES*)T* 
4 0 0»'^t 

[0148] <mmm 2 3 >hj&0<j 2 2 Ktsi^-c, 

[0 14 9] ;:©^EL*-W:WE«r8«IOU-C«flES: 
UVtzk^Z. 12V, 8 2 5mA/cm2-C2 2 6 0cd/m2 
©#& (*3ttt*«*ili«M =4 8 5nm) ©3S5fc^Stfg 
£*K r(D^3tli^^#ia^^'C > 5 0 0^W±^ 

d>ofc 0 »«©¥M#Hil 0mA/cm2©^m»KIEfbT-l 0 

ossfpg-c-fcofco 

[0 15 0] <HEK09 2 4>iai6«2 2 4rlB]#ft*^-Sr 
#»lfc„ fcflfU *-^l»STPD - l©ft:b<? 
l£, N, N, N' , N ' (3-t*7i = 

,u) -4, 4' -/'75/-1, 1' - f7i=/V (T 
PD-2) SrfflV>fc. 

[0151] r©#»EL^ftflJE£ep*n U-OtSKS: 
JftUfci: 12V, 6 7 5mA/cm 2 -C5 5 0 0cd/m 2 

©#£, (^^®^ftA.max =4 8 5nm) ©3§3fc#»© 
i©«*tt:ft««*#H»'f , -ei 0 0 OflfrWEU: 

fcj&»ofc. »£©¥«#»* 1 0mA/cm 2 cr)^«»£!^SbT*6 
0 ONrBiltrfcofco 

[0152] <nis^!i 2 5 >mmm 24 1 mm^mum 

iSJIftBjftUftitt, JfcVv-CSSftgi: UT\ TPD-2t 
Hi£0<l 1 (Dit-^m I - 1 £ 1 : 1 ©J*,* (**Jt) t? 
^*:iS0. 2nm/secT'2 0nm(Dl?$^ N *^#Ufc 0 

[0 15 3] ^!feV^T^ JWBWftSrftofcSS, 
fiLT, ft-&«J I - 1 Sr5 0nm©ff$»C^Ufc. 

[0 15 4] ^feV^T^ ®E^fllSr«ofc^*, 
girUT, h!)x (8-^/y/+h) T/w^^^A^r 
^^JiSO. 2 nm/sec T* 1 OrunOff^tC^* Ufc„ 

[0 15 5] £MC MffittffiSriSofc^*, MgAg 

(fiftJtl 0:1) £ral*i§«0. 2nm/secT-2 0 Onm 
©Jf:$l'^*UTIt@t U fflELifW:. 

[0 15 6] rw^^-lcmJE^PnAPUTm^SroftUfci: 
r. 1 2V , 5 4 0mA/cm 2 t?l 2 0 0 0cd/m 2 ©Wfe 

(^7t®*»ft^max =4 8 Onm) OJ83t* s l»B5*l' 

)£Lti*, «B55J-ttS»M83t»©a5l, J***s J: 0««flt y' 
-^li^<ft^ofc 0 iW*©^ScS8ttl OmA/cm 2 ©^ 
»fl 5 0 0^T'fcofc, 
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[0 15 7] <Hl£0iJ2 6 >ff£ 1 0 Onm© I TOig9§ 
«K (HW) SrW-TS #7 «mas»L T-fc h 

tLT, 1 x 1 0 -6 Torr*-C^£ELfc. 

[0 1 5 8] fcV»"C, * y (ft7iV-2, 5-vM 
/V) fcl Onn©»Sfc**U ETL&AJli Lfc. 

[0 15 9] ftV^% N, N' -v^7i=;v-N, N' 
-m- h- y 4 , 4' -v 5 T5y-l. 1' "t'7x 
=/V (TPD-1) £^ij$3:0. 2nm/sec-C5 Onm© 

[0 16 0] #:^T\ %Mm2<D\t&mi- l £5 Onm 

[0161] WEttttSrWofc**, m^-aA 

-t, Sr^*iSS 0 . 2nm/secT*l Onm©ff£ IClS* Lfc. 
[0 16 2] i«E«fB*«o*:4*, MgAg 

(fiiltlO : 1) 'StUU&jSKO. 2 run/sec"? 2 0 Onm 

[0 16 3] i©*r»EL*^-t«ESrEIUPUrmSESr 
StUfcfc i 1 2 V v 6 2 5mA/cm 2 -ei 2 0 0 Ocd/m 
2 ©Wi&£, (^H^CfeftXmax = 4 9 5 nm) <D&%& 

flMBSiv rrof^iiSMiSi^tt-i o o ou*R>1 

£<*3&»ofc. »«©¥«»!# 1 0mA/cm2©^fg«EKS!l 

tri o o^lt-fcofc, 

[0164] <mMm 2 7 >»fSt*J 2 1 fcfcM^T, 

#i i — i (Dfrio k> i-mMm 5 (Dfc&wn -2&m^x 

[0 16 5] r©^^mjESrPP*PLXm»!c5r»itbfc^ 
14V , 4 5 0mA/cm2-Cl 9 2 1 cdm"2 ©#&3S 
ft (HftHAi&ft^max =4 6 Onm) ©3gft;^5tB£ 
*K ^ ©**f±ftJ»«*#Hft't , -C 1 0 0 0 8*M«±£ 

5W«©^«W»il 0mA/cm2(D^m«E|gSb-e3 0 
O^-Cfcofco 

[0 16 6] <mM&\2 8 >HJS0iJ2 2K*»vC. 3§ft 
Jltr^jftU^lft. M»* (8-dr/y-^h) T/W5 = ^ 
A £31*34^ 0 . 2 nm/secT- 2 0 nm©Jf: $ L-n H 

£1 0nm©ff£t^&*U Lfc. *©*, 

mmm 22b lt#»e l jrpsrwt. 

[0167] rofiEL *^tC^i£^J 22i RMS©& 
^•eSBESr^RUfctr^, 12V, 6 2 5mA/cm2-x:*l 

0 0 0 0cd/m2 (fgftfefcSt* X max =4 8 5n 
m)-©»3t#?t»£*U r©^li^^#H^.4 J T* 

1 0 0 0B*M«±gcjeUTV^. »#W#»3tett©ffl3l 

ti£Vi&&te±<ti:i>>otc 0 mmo^umm omA/cm2 
© ^msitKEb t*8 o ma vh-otz, 

[0 16 8] <HJ£#J2 9 >m$ 1 0 0nm<£> I TOgPJ 



f LT> 1 X 1 0-6Torr£-C$gflEl.fc 0 

[0 16 9] Sfy (f^7iy-2, 5-iM 

/u) £ 1 0nm©J¥£fc:$^U lETLaASi: Lfc 

[0 17 0]&V^-C\ N. N' -77i=*-N, N' 
-m-h!)/V-4, 4' -S?T5/-1, 1* "f7i 
=-/V (TPD— 1) Srs^^JSKO. 2 run/sect? 5 OnmCD 

[0171] &V^T\ 7" h77i=/V->^ o^ViS' v 1 ^ 
>-£:5 OnmOff^K^U $g#Jl£Lf;: 0 
[0 17 2] &^"T\ »EW»«:«ofc£*» m^SA 

tfi&Ji iu-c, m£M i <D\<c^m i - 1 jritaso . 

2nm/secT*l 0nm©Jf:${^*Ufc o 
[0 17 3] Scffi^flg«r»ofc^*, MgAg 

(fiiitlO: 1) Sr^itfjSSO. 2nm/secT*2 0 Onm 

vrntucm^^xmrnt u *r»EL*^«r#fc. 

[0 17 4] r©*»EL* : fK:«BESrBiaiU"C«ilESr 
iU;tr5> 1 2V , 10 OmA/cm 2 T*8 0 Ocd/m 2 © 
W£, (HftBIAafcftAmax =4 6 Onm) ©363fe*S«tS$ 
*U ^©^3fefi^^#ffl^^-C'l o o^rfl^±S« 

ofc »?&©¥«£#»* 1 OmA/cm 2 ©^mSit^»)-ei 0^ 

[0 17 5] H£i2 1~2 9»d*5l/^-Cs it6~it2 4 

^br, ±.mmmm£M-com&&x\ &%.m j $>n*&.A 

x. ±mnmmtmm<ommi>mbixtL c 
[oi7 6] <itmmi 1 o onm© i Tomm% 
m mm) srwi-stf^gssr, ^mom. r±h 

^Lt, 1 x 1 O-eTorr^-C'MffiL-fco 

[0 17 7] ^t^t?, N, N' (m-^f^i: 
/V) — N, N ' -v?7i=/V-l, 1" -f7i=;v- 
4, 4* -^75^ (TPD-1) 5:5 Onm©Jf:$(^ 

[0 1 7 8] fcl^-C, 1. 3- 

f^. (5- (4-1-7^71^) -1, 3, 4- 

tWv ; 7/-2-'f^ -<Vif^ (OXD-7) Sr^ 
*S$gO. 2nm/sec-e5 Onm©)f:^}-^*L-T, 

at. 

[0 17 9] ^^T% 1&mVim&i%itcti&. «^&A 

SrltSSO. 2nm/seCCl Onm©ff$ Lfc 0 
[0180]$ fete, «J£:|Kf§$r«ofc£3U MgAg 
(fiiJtlO : 1) £?&*iS£0. 2nm/secT?2 0 O nm 

©*£k:3K#L-Cl8Pffii: U ELffirftfc. 
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[0 18 1] rcDEL^^miESrPnJPUTSSlESrSSU 
fetr5, 1 4V , 12 7mA/cm 2 -C5 5 Ocd/m 2 
' («3te«*«SXinax =4 8 Onm) (D&yt&tfOiZln. 

»*«©fflfl*iJ:tFj****fe*t, 2 0B»HBKTIftlt* 
ig£ig^Lfc 0 1 0BA/cm2<Dje««JB« 

[0 18 21 <)fcg*#»J2 >C.Adachi et al. , Appli. Ph 
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